The primary objective of this study was to investigate the association of loneliness and the incidence of ED visits in a large and well-characterized cohort of patients with severe chronic obstructive pulmonary disease (COPD); the association of loneliness with performance measures and health perception was the secondary objective. Baseline data were used from the National Emphysema Treatment Trial (NETT), which investigated the effectiveness of lung volume reduction surgery in patients with moderate-to-severe COPD. Patients received Quality of Wellbeing questionnaires, which asked about loneliness and social isolation. For comparing baseline variables between lonely and non-lonely subjects, we used c 2 tests for categorical variables and Wilcoxon tests for continuous variables. The association of loneliness with ED visits and health perception was assessed with a logistic model that adjusted for multiple critical confounders. The study took place from December 2002, to December 2004, with a follow-up period of 5 years to assess loneliness and 24 months to assess use of the emergency department. There were 1218 patients analyzed, mean age 65 (standard deviation [SD] 12), 47% were women, FEV 1% 41 (SD 12); 7.9% of participants reported feeling lonely. These individuals had worse health ratings, 6-minute walk tests (6MWTs), and breathlessness. Loneliness was independently associated with ED visits after adjusting for age, lung function, dyspnea, 6MWT, treatment, and gender, odds ratio (OR) 1.57 (95% confidence interval [CI], 1.005-2.466), P¼.04. This study suggests that loneliness in patients with COPD is significantly and independently associated to ED visits and reduced health perception. Addressing loneliness of patients with COPD in the outpatient setting may contribute to improved health perception and less health care utilization.
C hronic obstructive pulmonary disease (COPD) is a common chronic condition, estimated to affect 11.7% of the population across the globe. This figure is expected to increase over the next 30 years with a subsequent rise in the number of deaths due to the condition. At present, it is the fourth most common cause of death in the United States.
1 Anxiety, depression, and loneliness are commonly recognized psychologic comorbidities of COPD. [2] [3] [4] Quality of life in patients with COPD is affected by these factors and comorbidities leading to an inability to engage in activities, decreased exercise capacity, and anxiety/depression. 4, 5 Loneliness, in particular, is a significant obstacle for individuals living with COPD, 3, 6 as well as an overall public health concern. Loneliness can be defined as the feeling that one's social relations are inadequate, leading to subjective dissatisfaction. 7 This subsequently may contribute to a sense of distress 8 and has been linked to adverse outcomes in mortality and mental health. 7, 9 Overall, loneliness seems to be increasing in the United States 8 and prevails among older adults. 10 Those with limited mobilitydwhich can be seen in the COPD population because of progressive lethargy and dyspneadare at increased risk for loneliness. 2, 8 Loneliness is associated with social-skill deficits 7 and worse outcomes in mental health issues such as depression and anxiety, 7, 11 leading to worsening dyspnea. 2 In addition, patient lack of understanding about their own diagnoses of COPD can lead to social isolation 12 and increased mortality. 13 Similarly, the concept of social isolation, both objective and subjective, is associated with an increased risk of mortality and higher health care utilization. 13, 14 It has been shown that persons who primarily use outpatient health care compared with inpatient health care feel less lonely and have a lower risk of depression. 15 Patients who experience chronic loneliness have higher numbers of physician visits, particularly the emergency department, 7 suggesting that there may be a cycle of illness and use of the health care system.
14 There is a knowledge gap on the association of loneliness and health care utilization in COPD. We aimed to investigate that knowledge gap in a large and well-characterized cohort of patients with severe COPD.
METHODS
This study uses baseline data from the previously published National Emphysema Treatment Trial (NETT). 16 NETT design and methodology has been previously detailed. The NETT was conducted in accordance with the amended Declaration of Helsinki. Local institutional review boards approved the NETT protocol, and written informed consent was obtained from all patients. The study took place from December 2002 , to December 2004 In brief, NETT consented participants from 17 centers who were included in their trial if nonsmokers (abstinent ! 6 months) with moderate-to-severe COPD. The primary outcome of the study was to investigate the effectiveness of lung volume reduction surgery (LVRS).
Pertinent to this study, loneliness was measured by a psychometrically validated question from the Quality of Wellbeing questionnaire: Do you feel lonely or socially isolated (yes/no). 16 Patients were defined as not lonely if they responded "No days" to the question "Feelings of being lonely or isolated" at baseline. Patients were classified as lonely if they responded "Yesterday," "2 days ago" or "3 days ago." The patients were given the questionnaire at study enrollment. The follow-up period was 5 years to assess loneliness, and 24 months to assess use of the emergency department.
Health ratings were determined using the 36-Item Short Form Survey Instrument (SF-36) question 1. 16 The question reads: "In general, would you say your health is: 1-Excellent, 2-Very Good, 3-Good, 4-Fair, 5-Poor." 17 The Modified Medical Research Council Dyspnea Scale (mMRC) is a tool widely used and recommended by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines to stratify the severity of dyspnea in individuals with COPD. Using the mMRC scale, patients can quantify their shortness of breath on a scale ranging from 0 (dyspnea only with strenuous exercise) to 4 (too dyspneic to leave the house).
Statistical Methods
Baseline variables between non-lonely and lonely subjects were performed by using Wilcoxon tests for continuous variables and c 2 tests for categorical variables. The association between loneliness and having any ED visits was assessed using a logistic model that adjusted for NETT study arm, age, FEV 1, mMRC. The latter 3 variables comprise the Age, Dyspnea, Airflow Obstruction (ADO) Index. 18 This is a tool that has been used to predict 2-year mortality in patients with COPD. We defined these variables a priori to be included in the models, as they are considered as critical outcomes in COPD. We included the treatment arm as the whole cohort of the NETT study and also included gender to be investigated as a biological variable. All analyses were done using SAS version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
The follow-up period was 5 years to assess loneliness and 24 months to determine use of the emergency department. Patient characteristics are included in Table 1 . In summary, 96 of 1217 subjects (7.9%) were classified as lonely. Lonely patients were more likely to be women; 11% of women were lonely compared with 6% of men. In addition, lonely people had decreased 6-minute walk test (6MWT) distances, lower overall health ratings, and increased breathlessness (Table 1) . Loneliness was significantly associated with increased use of the health care system, as represented by lonely patients being significantly more likely to visit the emergency department in the 5 years of follow-up of the study ( ED visit compared with patients who were not lonely. Loneliness was assessed yearly and was found to increase continuously over time, beginning with 8% at baseline and increasing to 14% by year 5. Marital status was included as an exploratory variable in the model for having any ED visits. When this model was performed, loneliness showed a trend toward significance, suggesting marital status and loneliness are strongly related (P¼0.08). Similarly, 5% of married patients were lonely compared with 13% of other patients. Finally, we explored the association of loneliness in relation to patient perception of overall health. Loneliness was found to be significantly related to lower overall perception of general health (P¼<0.0001) after adjusting for age, lung function, treatment arm, marital status, and breathlessness score, with lonely patients having health ratings 9.9 points lower than other patients (Table 3) .
DISCUSSION
This study examined the relationship between loneliness and ED visits as a measure of health care utilization and the perception of general health in moderate-to-severe COPD. Our results suggest that loneliness is independently associated with more ED visits and worse perception of health. We confirm and extend the findings of other studies demonstrating worse outcomes for lonely people and those with other chronic conditions. 19, 20 However, this report includes a very well-characterized population of patients with COPD. Theeke et al demonstrated that patients with lung disease had higher levels of loneliness and that this loneliness also correlated with total number of chronic conditions. 19 We showed that lonely patients had increased dyspnea, and this has been shown to lead to decreased time spent outside the home because of breathlessness, 5 which may, in turn, create a cycle of worsening loneliness. Assisting this population in engagement in activities may be important in affecting overall well being. 5 For example, Theeke et al showed that quality of life may be enhanced in survivors of stroke following interventions targeting loneliness, suggesting that assessment of loneliness be incorporated into routine clinical practice. We enthusiastically agree with other reports that recommend possible initiation of cognitive behavioral interventions or health coaching to target loneliness. 20, 21 In addition, loneliness has been shown as an independent risk factor for physical inactivity, 22 and increased physical activity has been associated with healthy aging. 23 In a study by Kara et al, it was demonstrated that, as patients with COPD experience disease progression, their quality of life is affected, as increased breathlessness results in social isolation. 3 Finally, it has been found that social isolation is linked to mortality. 24 Our findings on the association loneliness with health status perception extend previous report regarding social isolation and a higher disease burden. 6, 25 The uniqueness of this report is that we found that loneliness is independently associated with increased ED visits and health perception after adjusting for the most meaningful confounders in COPD in a very large and well-characterized population with a meaningful follow-up period. Our results also agree with previous reports. A study by Geller et al showed that loneliness predicted use of the emergency department as demonstrated by those with above-average loneliness scores made use of the hospital's emergency department 60% more per year than those who scored less than the mean. 26 Molloy et al has also illustrated that in adults older than age 65, increased loneliness was associated with hospitalization. 27 Our study further confirms that lonely patients make more use of the emergency department but in a much larger and well-characterized cohort of patients with severe COPD. 26, 28 It is possible that a higher degree of neediness and lack of support for health-related decision making is associated with uncertainty, stress, and higher likelihood of visiting emergency departments. Of note, loneliness was almost as significant when adjusted to marital status, suggesting that even married persons may experience feelings of isolation.
STRENGTHS AND LIMITATIONS
This is the largest report that shows an association between loneliness and health care utilization adjusted for most meaningful factors in COPD. We acknowledge that loneliness was not measured by a specific loneliness tool. However, the question used has been tested and is part of a highly validated tool (Quality of Wellbeing questionnaire) in the COPD population. 29 Although question number 1 of the SF-36, determining patients' perceptions of general health, has been widely used, it has not been specifically validated in COPD. Despite this, the brevity of these assessments allows for use in routine, busy clinical practice in both the inpatient and outpatient settings.
CONCLUSION
Loneliness is an important public health issue, particularly in those with chronic illness such as COPD. This study shows that increased loneliness is significantly associated with a high incidence of visits to emergency departments and poorer perception of health in patients with moderate-to-severe COPD. In addition, our study demonstrates that loneliness is related to worse perception of general health from the patient perspective, and it is possible that even married patients experience feelings of social isolation. It is plausible that addressing loneliness in the outpatient setting may ultimately contribute to decreased ED visits and improved quality of life for this population by improving perceptions of health. The methods of assessment of loneliness in this study are brief, which can allow for them to be employed effectively by clinicians. Our report suggests the need of frequent assessment of loneliness in routine practice.
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